An incubation experiment was conducted to monitor effect of sewage sludge application on changes in numbers of faecal coliforms in soils over time after sludge application and evaluate the hygiene risks. Soil faecal coliform counts were made after 1, 7, 14, 28, 56 and 84 days of incubation. The faecal coliform counts in the sludge-treated soils decreased substantially with time and were similar to those in the untreated controls after incubation for 56 days. Land application of air-dried sludges increased the hygiene risks due to the re-growth of faecal coliforms, and the counts of faecal coliforms in soil treated with air dried sludge from Suzhou (91% DM) were 50 times higher than in soils with fresh dewatered sludge from Suzhou (15% DM) after 7 days of incubation. The main factors affecting the changes in faecal coliform counts were sludge type and incubation time. Sludge type determined the faecal coliform counts and the ability of the faecal coliforms to re-establish, and indigenous microorganisms competed with the faecal coliforms for nutrients during the incubation process.
Introduction
A pathogen is an organism or substance capable of harming public health or causing disease (USEPA 1999) . The public are sensitive to some pathogens that threaten public health while existing in the ambient environment. Recycling to agricultural land is an important outlet for sewage sludge and other sludges (USEPA 1999; Zhou 2002; Li & Wu 2003) , but there is public regarding pathogens in the application of sewage sludge to land (Deportes et al. 1995; Lewis & Gattie 2002; Sahlstro¨m 2003) . USEPA (1994) and the EC (2001) have adopted faecal coliforms as indicator pathogens for evaluating the safety of land application of sewage sludges.
Pathogens entering the soil during the application of sewage sludge to land can stay viable in the soil for two months or more (USEPA 1994). Survival of bacteria in the soil depends, however, on many factors, including temperature, moisture, pH, soil composition and the presence of other microorganisms (Mawdsley et al. 1995; Garrec et al. 2003) .
High faecal coliform counts have been found in most sewage sludges examined from the Yangtze River Delta by Sun et al. (2005) . Untreated sludges are currently spread onto agricultural land and this entails some risk of introducing pathogenic agents into the soil. As a consequence, studies are needed on the ability of faecal coliforms to survive in sludge-amended soils for evaluation of the health hazards to humans and animals. The objectives of the present incubation study were to study the changes in faecal coliform counts in soils over time and the hygiene risks to the environment and public health after sludge application.
Materials and methods

Soils and sludges
The four types of soil used were collected from the tillage layer (0-20 cm). Each soil was air-dried, passed through a 2-mm nylon sieve and mixed to give a homogeneous soil sample before use. The soils collected from East China were: (1) and (2) Typic Fe-accumuli-Stagnic Anthrosols from Shuangqiao farm and Moganshan town in Zhejiang province; (3) a paddy soil (Typic Alkaline-Stagnic Anthrosol) from Laogang town, Shanghai city; and (4) a paddy soil (Gleyi-Stagnic Anthrosol) from the Changshu Ecological Experimental Station in Jiangsu province. The four paddy soils are typical agricultural soils of theYangtze River Delta region. Selected properties in the four soils are listed in Table 1 .
Four types of sewage sludges were used: (1) a fresh anaerobically digested sewage sludge collected from a wastewater treatment plant in Hangzhou city, Zhejiang province (HZF sludge), with a dry matter (DM) content of 34%; (2) airdried HZF sludge with 93% DM (HZD sludge); (3) a fresh dewatered sewage sludge collected from a wastewater treatment plant in Suzhou city, Jiangsu province (SZF sludge) with 15% DM; and (4) air-dried SZF sludge with 91% DM (SZD sludge). Each fresh sludge was thoroughly mixed and each air-dried sludge was passed through a 2-mm-pore nylon sieve before use. Selected properties of the sludges are listed in Table 1 .
Incubation experiment
The <2 mm air-dried soils were mixed with fresh or air-dried sludge at 20 g kg )1 soil (DM basis). Aliquots (equivalent to 3000 g DM) of amended and unamended soils were placed in 3000-cm 3 plastic boxes adjusted to 70% of water holding capacity (WHC), covered with plastic film and incubated at 25±0.5°C in a temperature-controlled room for 84 days. The soils were adjusted to 70% WHC by adding deionised water and weighing on a weekly basis during incubation. The treatments, listed in Table 2 , were set up in duplicate. Sub-samples were taken regularly for counts of faecal coliforms. The soil water content was also measured to calculate the faecal coliform counts on a dry weight basis. After 1, 7, 14, 28, 56 and 84 days of incubation soil faecal coliforms and water content were examined to check the dynamics of the faecal coliforms.
Counts of faecal coliforms
Faecal coliforms were counted using the Chinese National Standard wastewater detection method (GB/T 5750-1985), a most-probable-number method using a dilution series. Well mixed sample (10.0 g) was aseptically mixed with 100 mL sterile water, covered and homogenized with a magnetic stirrer so that one millilitre of the suspension contained 0.10 g of the original sample. Using a sterile pipette, 1.0 mL of the suspension was transferred to a test tube containing 9 mL of sterile water and shaken vigorously. One millilitre of this suspension contained 0.01 g of the original sample. The dilution procedure was continued to dilute the sample to the expected concentration. Suspension (1.0 mL) was added to 10 mL lactose peptone liquid broth. Three dilutions were used to inoculate 5 wells per dilution and incubated at 37±0.5°C for 24±2 h. Positive cultures were transferred to 10 mL EC liquid culture using a 3-mm loop and incubated at 44±0.5°C for 24 h. The positive wells were counted and calculate the 
